Investigation of the in vitro inhibitory mechanisms of quercetin on varicella-zoster virus by 廉成翔
   
学校编码：10384                                           分类号    密级 









Investigation of the in vitro inhibitory mechanisms of quercetin 
on varicella-zoster virus 
 
廉 成 翔 
 
指导教师姓名： 王官清 教授 
专 业 名 称 ： 皮肤病与性病学 
论文提交日期： 2015年 5月 





































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             





















（     ）1. 经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 






声明人（签名）：             












   
目   录 
中文摘要 ....................................................................................................... 1 
英文摘要 ...................................................................................................... 4 
英文缩略词表 ................................................................................................ 8 
第一章  引言 .......................................................................................... 10 
1.1  水痘-带状疱疹病毒（VZV）感染的临床表现 .......................................... 10 
1.2  VZV 感染宿主细胞的机制 ........................................................................... 10 
1.3  VZV 感染的治疗药物 ................................................................................... 10 
1.4  筛选抗 VZV 新药的必要性 .......................................................................... 12 
1.5  抗 VZV 药物的研究方法 .............................................................................. 12 
1.6  抗 VZV 植物活性成分的研究 ...................................................................... 13 
第二章  实验材料 .................................................................................. 14 
2.1  细胞 ................................................................................................................ 14 
2.2  病毒 ................................................................................................................ 15 
2.3  主要试剂 ........................................................................................................ 15 
2.4  主要仪器 ........................................................................................................ 16 
2.5  主要溶液配制 ................................................................................................ 17 
2.6  主要实验器具的处理 .................................................................................... 17 
第三章  实验方法 .................................................................................. 17 
3.1  细胞培养和传代 ............................................................................................ 17 
3.2  VZV 培养和传代 ........................................................................................... 17 
3.3  无细胞病毒液（CFVs）制备 ....................................................................... 18 
3.4  CFVs 滴度测定 .............................................................................................. 18 
3.5  三磷酸腺苷（ATPs）含量检测 ................................................................... 18 
3.6  萤火虫荧光素酶检测 .................................................................................... 18 
3.7  VZV 即刻早期蛋白 62（IE62）的免疫荧光染色 ...................................... 19 













 3.9  统计学分析 .................................................................................................... 21 
3.10  研究内容 ...................................................................................................... 21 
第四章  实验结果 .................................................................................. 25 
4.1  5 种药物 CD50、IC50 及选择性指数（SI）的测定 .................................... 25 
4.2  槲皮素对 MV9G 细胞 ATPs 含量的影响 ................................................... 26 
4.3  槲皮素直接灭活 CFVs 作用 ......................................................................... 26 
4.4  槲皮素抑制 CFVs 粘附和穿透 MV9G 细胞 ............................................... 27 
4.5  槲皮素抑制 CAVs 细胞胞内复制 ................................................................. 28 
4.6  槲皮素抑制 CAVs 细胞内复制的 IC50......................................................... 28 
4.7  槲皮素抑制 CAVs 细胞内复制的时间点 ..................................................... 29 
4.8  槲皮素抑制 CAVs 细胞内复制的可逆性 ..................................................... 30 
4.9  槲皮素对 VZV IE62 基因转录和表达的抑制作用 ..................................... 30 
第五章  讨论 .......................................................................................... 31 
5.1  槲皮素抑制 VZV 的作用机制 ...................................................................... 31 
5.2  MV9G 报告法研究抗 VZV 药物作用机制的可行性 ................................. 33 
5.3  槲皮素的其它作用 ........................................................................................ 33 
第六章  结论 ......................................................................................... 35 
附录 .......................................................................................................... 36 
参考文献 ................................................................................................. 37 
致谢 .......................................................................................................... 41 















   
Table of Contents 
Abstract in Chinese ................................................................................. 1 
Abstract in English ................................................................................. 4 
Abbreviations and acronyms ................................................................. 8 
Chapter 1  Introduction ..................................................................... 10 
Chapter 2  Materials ........................................................................... 14 
Chapter 3  Methods ............................................................................ 17 
Chapter 4  Results ............................................................................... 25 
Chapter 5  Discussion. ........................................................................ 31 
Chapter 6  Conclusion ........................................................................ 35 
Appendices ............................................................................................. 36 
Reference ............................................................................................... 37 
Acknowledgement ................................................................................. 41 












































3、植物药成分抑制 VZV选择指数测定：通过所测药物的 CD50和 IC50计算


























mRNA拷贝数的变化，分析槲皮素对 VZV IE62基因转录和表达的抑制作用。 
 
【结 果】 
1、植物药成分的细胞毒性：槲皮素 > 60.0 μg/mL时MV9G细胞的 ATPs含
量随药物浓度升高而逐渐降低，ATPs降低 50%时槲皮素浓度（CD50）约为 102.9 
μg/mL。丁子香酚 CD50约为 64.5 μg/mL，桑色素 CD50约为 254.8 μg/mL，姜黄素
CD50约为 12.4 μg/mL，杨梅酮 CD50约为 64.9μg/mL。 
2、植物药成分对 VZV 的半数抑制浓度：在 MV9G 细胞与 CAVs 共培养时
加入槲皮素后 CAVs激发MV9G细胞荧光素酶显著降低，槲皮素抑制MV9G细
胞荧光素酶 50%时浓度（IC50）约为 13.6 μg/mL，丁子香酚、桑色素、姜黄素、
杨梅酮的 IC50分别为 21.0、154.9、8.2和 20.4 μg/mL。 
3、植物药成分抑制 VZV的选择指数测定：根据所测植物药成分的 CD50和
IC50计算其选择指数（SI = CD50/IC50），SI由高到低依次为：槲皮素（SI = 7.6）>
杨梅酮（SI = 3.2）>丁子香酚（SI = 3.1）>桑色素（SI = 1.7）> 姜黄素（SI = 1.5）。 
4、将CFVs与含槲皮素培养基预混至终浓度40.0 μg/mL，4oC孵育0、30、60、
90、120 mins后直接感染MV9G细胞2 hrs后弃接种物，继续培养48 hrs后收集
MV9G细胞测定荧光素酶。槲皮素预处理各时间组与未经槲皮素处理组CFVs激
发MV9G细胞荧光素酶无显著性差异。 
5、MV9G细胞在含槲皮素（终浓度 40.0 μg/mL）培养基中直接感染 CFVs，
分别在 4oC和 37oC环境中培养 2 hrs弃接种物，继续培养 48 hrs后收集MV9G
细胞测定荧光素酶，CFVs在 4oC和 37oC时激发MV9G细胞表达荧光素酶无显
著性差异。 
6、MV9G 细胞与 CAVs 共培养时，分别在第 1、3、6、9、12、24、30 和
36 hrs时加入槲皮素（终浓度 40.0 μg/mL），结果显示 1 hr、6 ~12 hrs和 30 ~ 36 
hrs加药组 CAVs激发 MV9G细胞荧光素酶显著低于对照组，但 3 hrs和 24 hrs
加药组与对照组间差异无统计学意义。 
7、MV9G细胞与 CAVs共培养第 24、48和 72 hrs后撤除槲皮素，撤除槲皮
素后各组 CAVs激发MV9G荧光素酶显著高于撤药前，尤以 24 hrs撤药组明显。 
























浓度为 13.6 μg/mL。 
6、槲皮素可能通过抑制 IE62基因的转录和表达而抑制 VZV感染。 
 


















1. To screen for inhibitory compounds against varicella-zoster virus (VZV) from 
active botanical ingredients with our previously generated reporter cell line for VZV, 
MV9G. 
2. To further investigate the in vitro inhibitory mechanism (s) of quercetin on 
VZV with MV9G reporter cell line. 
 
Methods 
1. Cytotoxicity of active botanical ingredients on MV9G cells: MV9G cells were 
cultured in the presence of eugenol, morin, curcumin, myricetin, and quercetin, 
respectively, for 72 hours, and the ATP contents of MV9G cells were measured.  
Half lethal concentrations (CD50) of these compounds were then calculated. 
2. Half inhibitory concentration of the compounds against VZV: MV9G cells 
were co-cultured with VZV-infected MRC-5 cells containing cell-associated virus 
(CAVs) with a multiplicity of infection (M.O.I.) around 0.1 in the presence of eugenol, 
morin, curcumin, myricetin, and quercetin, respectively, for 48 hours. The cells were 
harvested and luciferase activities of MV9G cells were tested.  The half inhibitory 
concentrations (IC50) of these compounds were then calculated, respectively. 
3. Selection index of the inhibitory compounds against VZV: Selection index (SI) 
of the inhibitory compounds against VZV were calculated (SI = CD50 / IC50).  The 
one with highest SI was chosen as inhibitory compound against VZV and its 
inhibitory mechanism (s) was further investigated in next experiments. 
4. Cell-free VZVs (CFVs) were directly inoculated onto monolayer of MV9G 
cells (CFVs direct-infection) to activate the expression of firefly luciferase in MV9G 
cells.  CFVs were pre-treated with quercetin of 40.0 μg/ml before directly infecting 
MV9G cells, or MV9G cells were directly infected with CFVs and then cultured at 















directly inactivating CFVs, and in inhibiting CFVs’ attachment to and penetration into 
MV9G cells were analyzed by comparing luciferase activities of MV9G cells with 
and without quercetin. 
5. Cell-associated VZVs (CAVs) were plated onto monolayer of MV9G cells 
(CAVs co-culture) to activate luciferase activities of MV9G cells.  The inhibitory 
roles of quercetin on CAVs replication in host cells, and its inhibitory timepoints and 
reversibility were analyzed by comparing luciferase activities of MV9G cells with and 
without quercetin. 
6. The inhibition of quercetin on VZV immediate early gene 62 (IE62) 
transcriptions and IE62 gene expression were analyzed by comparing IE62 mRNA 
copy numbers and IE62 antigen expression intensities with and without quercetin. 
 
Results 
1. Cytotoxicity of the active botanical compounds:  ATPs contents of MV9G 
cells in the presence of quercetin of higher than 60.0 μg/ml was concentration- 
dependently reduced, the half lethal concentration (CD50) of quercetin was around 
102.9 μg/ml.  The CD50 of eugenol, morin, curcumin, and myricetin were around 
64.5 μg/ml, 254.8 μg/ml, 2.4 μg/ml and 64.9 μg/ml, respectively. 
2. Half inhibitory concentration (IC50) of the active botanical compounds:  
MV9G cells were co-cultured with CAVs in the presence of quercetin of 40.0 μg/ml 
for 72 hours, and the CAVs-activated luciferases in MV9G cells were markedly 
reduced in a concentration-dependent manner, the IC50 of which on CAVs was around 
13.6 μg/mL.  The IC50 of eugenol, morin, curcumin, and myricetin were around 21.0 
μg/ml, 154.9 μg/ml, 8.2 μg/ml, and 20.4 μg/ml, respectively. 
3. Selection index of the botanical compounds:  The selection index (SI) was 
calculated with CD50 and IC50 (SI = CD50 / IC50).   The SI of the active botanical 
compounds was as follows: quercetin (SI = 7.6) > myricetin (SI = 3.2) > eugenol (SI 
= 3.1) > morin (SI = 1.7) > curcumin (SI = 1.5).  
4. Direct inactivation of CFVs by quercetin:  CFVs (300 pfu) were pre- 















directly inoculated onto monolayer of MV9G cells for another two hours, the 
inoculums were removed and the cells were cultured for 48 hours, and MV9G cells 
were harvested and its luciferase activites were measured.  Luciferase activities of 
MV9G cells activated by CFVs pretreated with quercetin for different timelength 
were not different from those by CFVs untreated with quercetin. 
5. MV9G cells were directely infected with CFVs and cultured in the presence of 
quercetin of 40.0μg/ml at 4oC and 37oC for another two hours, the inoculums were 
removed and the cells were cultured for further 48 hours.  Luciferase activities of 
MV9G cells activated by CFVs in the presence of quercetin at 4oC were not different 
from those at 37oC. 
6. MV9G cells were co-cultured with CAVs in the presence of quercetin at 1, 3, 
6, 9, 12, 24, 30, and 36 hours post CAVs infection, the CAVs-activated luciferase 
activities in the presence of quercetin at 1hr, 6 ~ 12 hours and 30 ~36 hours post 
CAVs infection were significantly higher than those of controls.  However, those at 3 
hours and 24 hours post CAVs infection were not significant different from those of 
controls. 
7. MV9G cells were co-cultured with CAVs in the presence of quercetin, and the 
quercetin was withdrawn at 24, 48 and 72 hours post CAVs infection, the 
CAVs-activated luciferases after querdcetin withdrawal were significantly higher than 
those before querdcetin withdrawal, especially in those of quercetin withdrawn at 24 
hours post CAVs infection. 
8. The IE62 mRNA levels shown by cDNA copies detected with SYBR Green 
RT-PCR and IE62 positive cells shown by monoclonal anti-IE62 antibody of the 
virus-infected cells treated with quercetin were significantly reduced with increase of 
incubation time with quercetin. 
 
Conclusions 
1. Quercetin is not highly cytotoxic to MV9G cells, and the maximum resistant 
concentration of quercetin on MV9G cells was around 60.0 μg/ml, the CD50 of which 















2. Non-cytotoxic quercetin did not directly inactivate CFVs. 
3. Non-cytotoxic quercetin did not prevent CFVs attach to MV9G cells. 
4. Non-cytotoxic quercetin did not inhibit CFVs penetrate into MV9G cells. 
5. Quercetin strongly inhibited CAVs replication in host cells in a concentration- 
dependent manner, the IC50 of which was around 13.6 μg/ml.  However, the 
inhibition of quercetin on VZV was reversible. 
6. The inhibition of quercetin on VZV in vitro might be through suppression of 
IE62 gene’s transcription and IE62 expression in the early stage of VZV infection. 
 


















英文简称 英文全称 中文全称 
VZV Varicella-zoster virus 水痘-带状疱疹病毒 
HHV Human herpesvirus 人类疱疹病毒 
PHN Postherpetic neuralgia 人带状疱疹后遗神经痛 
MV9G Reporter cell line for VZV VZV报告细胞系 
CFVs Cell-free virus 无细胞病毒 
CAVs Cell-associated virus 带细胞病毒 
DMEM Dulbecco’s modified eagle’s medium 达尔伯克改良伊格尔培养基 
EMEM Eagle's minimum essential medium 伊格尔基础培养基 
FBS Fetal bovine serum 胎牛血清 
PBS Phosphate buffer solution 磷酸盐缓冲液 
IE Immediate early 即刻早期蛋白 
DNP DNA polymerase DNA聚合酶 
TK Thymidine kinase 胸苷激酶 
ACV Acyclovir 阿昔洛韦 
PCV Penciclovir 喷昔洛韦 
PFA Foscarnet 膦甲酸 
IDU Idoxuridine 碘苷 
PFA Forscanet 膦甲酸 
PRA Plaque reduction assay 病毒蚀斑减数法 
YRA Yield reduction assay 病毒产量减数法 
Pfu Plaque forming unit 病毒蚀斑形成单位 
IC50 Inhibitory concentration of 50% 半数抑制浓度 
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